Abstract
Introduction
Accidental bowel leakage (ABL), the patient-preferred term for fecal incontinence (FI) affects 12-15% of community-dwelling women [1] [2] [3] [4] [5] . Recent community-based studies estimate that as many as 17 million women in the U.S. suffer from some form of ABL, with over 3 million severe cases [6] . ABL prevalence is expected to increase as the population of the Unites States continues to age [5] [6] [7] . The condition is both physically limiting and emotionally devastating [8, 9] and represents a significant and growing unmet need in women's health.
Treatments for ABL range from conservative to invasive options [10] . Current non-surgical treatment options that include behavioral and dietary modifications, physical therapy, biofeedback, and medications often fall short of achieving adequate relief from ABL episodes [11, 12] . Additionally, surgical options are challenged with cost, medical and surgical complexity, and sub-optimal overall treatment success rates [2, [13] [14] [15] [16] [17] . Alternative treatments that provide long-term efficacy with minimal risk are needed.
Richter et al, recently described the pivotal study of a lowrisk, minimally-invasive, and effective treatment for fecal incon-tinence in women [18] . This novel vaginal bowel control (VBC) system (Eclipse TM System, Pelvalon, Inc. Sunnyvale, CA, USA) consists of a vaginal insert and user-controlled pressure-regulated pump (Figure 1 ). The vaginal insert consists of a silicone-coated stainless steel base and posterior directed balloon that provides reversible occlusion of the rectum that enables the user to regain control of her bowel function (Figure 2 ). Prior to that pivotal study, research was conducted to understand the feasibility of the concept of a vaginal bowel control system. Medical device development involves multiple stages of evolution driven by patient and clinician feedback derived from investigational trial use and standard care delivery [19] [20] [21] . Feasibility studies are intended to provide initial information about the safety, effectiveness, and acceptance by both patients and clinicians of a new therapy in a small, sample population. Flexibility in trial design allows the researchers to progress the therapy evaluations in response to incremental findings. The aim of this feasibility study was to observe patient usage of and satisfaction with the insert initially in an office-setting and eventually over increasingly long periods of wear at home. Secondary aims included the evaluation of data collection tools, and clinical protocol design.
Materials and Methods
Institutional review board (IRB) approval was obtained from Schulman Associates IRB (Schulman Associates, Inc. Cincinnati, OH, USA). All participants provided written informed consent for this prospective, open-label clinical study in adult women. All women age > 18 years with and without fecal incontinence who were able and willing to provide written informed consent in English were eligible for participation. Exclusion criteria included the following: presence of a genitourinary or recto vaginal fistula, tumor, infectious process, an astomosis, or open wound; current or anticipated pregnancy; and any significant medical condition or other factor per investigator discretion that would interfere with study participation and/or increase participant risk.
Demographic data collected included age, race, menopausal status, and history of hysterectomy. Device data collected included device base size and overall shape, balloon size, and pump pressure. Clinical data collected included the following: clinician feedback on the value of various metrics of device fitting and stability; duration of device wear period (days, weeks, months); treatment response by bowel diary and/or ABL questionnaire; patient feedback on device comfort and satisfaction; and adverse events.
Device base sizes ranged from 44-88 mm lengths with various combinations of widths. Shapes included taper, round and elliptical. Balloon sizes varied from 32-47 mm depth with various combinations of widths. Pressure regulators included 5 different, non-overlapping, discrete ranges of balloon pressures.
The series of staged, clinical evaluations began first with recruitment of non-ABL and ABL participants with a limited inoffice only assessment with the intention of determining and understanding various metrics that constitute a good fitting. Participants in this phase of the study are included in the Safety Cohort. Clinician and participant feedback on each device fitting, with some subjects experiencing more than one fitting with different device types, was utilized in an effort to optimize device safety, stability and comfort, and to confirm the appropriateness of design changes. In the next stage of enrollment, participants who enrolled in the study joined the Short-Term Cohort, and wore the insert for one week to evaluate comfort and effect on the vaginal tissue. No quantitative measures of device effectiveness or satisfaction were captured for patients in the Short-Term Cohort or who were only included in the limited in-office only assessment, although demographic and safety data were collected as described below.
A sample of participants with ABL were then invited to join the Extended-Wear Cohort, extending their wear period for a duration of 1 month and then 3 months. This convenience sample of patients was selected based on the timing of the patients' enrollment in the study, their own preference, and their ability to demonstrate the ability to self-manage insertion and removal of the VBC system.
A baseline ABL history questionnaire was completed by the Extended Wear participants with fecal incontinence, and later in the study, a baseline bowel diary was introduced for newly enrolled patients. Follow-up assessments via a device satisfaction questionnaire were collected at 1-month and 3-month endpoints; at a midpoint in the study, questions assessing comfort were added into this questionnaire (comfort was previously assessed verbally and not documented on a consistent scale). For subjects enrolled later in the study, a repeat bowel diary was also collected at 1 month. Subjects who filled out a bowel diary were asked to document a 2-week period of daily frequency of soiling, stool consistency (Bristol Stool Scale) and severity (staining, minor or major soiling) and any associated fecal urgency episodes. Minor episodes were defined as soiling that did not require an immediate change of undergarment, pad, or clothing and major episodes were defined as soiling that required an immediate change of undergarment, pad, or clothing. Margin of treatment effectiveness was calculated as the percent reduction in the total number of minor and/or major episodes from baseline to treatment diaries.
Concurrent strict safety surveillance was conducted throughout the study for all Cohorts. Participants were provided a 24-hour/7-day hot line to report any symptoms of discomfort or concerns. Adverse events (AEs) were collected in all subjects exposed to the device. An AE was defined as any undesirable medical occurrence in a subject regardless whether a causal relationship with the device was determined. The investigator assessed each event for a possible relationship to the study device using the following definitions: Not related -not associated with device application and/or due to an underlying or concurrent illness or effect of another device or drug; Unlikely -little or no temporal relationship to the study device and/or a more likely alternative etiology exists; Possible -temporal sequence between device application and event is such that the relationship is not unlikely; Probable -temporal sequence is relevant or event abates upon device removal; Highly Probable -temporal sequence is relevant and event abates upon device removal or reappearance of the event on repeat device re-application. AEs were described as mild (transient and easily tolerated by the patient), moderate (causes the patient discomfort and interrupts her usual activities), or severe (causes considerable interference with the patient's usual activities; may be incapacitating and may require hospitalization).
Results
Study enrollment began in September 2011 and ended June 2013. One hundred twelve women were consented for participation. A total of 86 women (42 non-ABL, 44 ABL) were fitted with the device (the Safety Cohort). These women had a mean age of 52 (range 19-86 years) and were predominantly Non-Hispanic White, post-menopausal, and did not report a prior hysterectomy. Of the 44 subjects who reported bothersome ABL history, 42 completed a baseline ABL symptom questionnaire (2 women did not complete the questionnaire). Of these 42 subjects, 9 (21%) reported having symptoms for less than 1 year, 18 (43%) had symptoms for 1-5 years, 8 (19%) had symptoms for 5-10 years, and 7 (17%) had symptoms for over 10 years.
Clinical data results were collected from all 86 women who were fitted. The length of wear periods varied from 1 day (inoffice fitting only) to 101 days. For women who participated in the in-office visit only, the fitting clinician's observation of fit and the subject's feedback on device comfort was captured to develop recommendations on device fitting procedure. Forty-five women, including women with ABL as well as healthy volunteers, were then invited to participate in the Short-Term Cohort and continued wear for one week. These subjects returned after one week to provide feedback on insert comfort and to undergo a pelvic exam to assess vaginal tissue.
After reasonable assurance of device comfort and safety was achieved through one-week wear periods, 15 women with ABL of any severity were invited to join the Extended-Wear Cohort and continue for a longer period of 1 month. Seven of these 15 women with ABL were subsequently extended to ≥ 3-months' duration. Baseline and 1-month assessments by questionnaires were available for 14 of the 15 participants, with matched baseline and 1-month bowel diaries completed by the final 9 participants enrolled in the study.
The questionnaires completed by 14 participants after 1 month of insert usage included assessments of device satisfaction. Thirteen subjects reported they would continue using the VBC insert after study completion. All 14 subjects (100%) reported they would recommend the device to a friend. Of the 7 subjects who were asked to report on comfort on a documented assessment form, all women responded and the majority (6/7, 86%) reported, "I can't feel the device" and the other subject reported she could "feel the device but [it was] not uncomfortable." There were no participants who discontinued use of the trial device due to device dissatisfaction. Of the 9 women who kept bowel diaries; each experienced a minimum of one ABL episode over a 2-week baseline period. Eight of the 9 subjects (89%) experienced ≥ 50% reduction in episodes, with 5 of these women experiencing a 100% reduction. A summary of these findings is presented in (Figure 3 ).
Figure 3:
Assessments of device satisfaction, comfort, and efficacy in Extended Cohort following 1-month duration of daily wear. Baseline and 1-month assessments by questionnaires were available for 14 of the 15 participants. As this feasibility study also evaluated data collection instruments, matched baseline and 1-month bowel diaries were completed by the final 9 participants enrolled in the study. Formal questions on device comfort were added to the questionnaire for the final 7 participants of the Extended Cohort Among the Safety Cohort, a total86 subjects exposed to the device across all wear periods, there were 10 device-related AEs. All 10 events were described as mild. Six were minor vaginal abrasions or ecchymoses, 3 were minimal vaginal bleeding (spotting), and 1 patient experienced cramping during the fitting period. All 10 device-related AEs were transient and resolved com-pletely. These events were more commonly associated with the initial fitting period (8/10). Of note, women who demonstrated signs and/or symptoms of vaginal atrophy during or after the initial fitting at any point in the study participation were provided vaginal estrogen therapy or a non-hormonal alternative. There were no participants who discontinued use of the device due to an ongoing device-related AE.
Discussion
This progressively staged, clinical evaluation study demonstrated the feasibility of a novel, intra-vaginal, bowel-control device system for the treatment of ABL in adult women. By studying the device in a staged series of assessments, investigators first demonstrated device safety and comfort with limited risk to the participant, prior to commencement of extended durations of device exposure in order to determine treatment efficacy. These evaluations also provided insights furthering the evolution of device design. Additionally, these longer duration periods of patient usage provided an initial signal of patient compliance and satisfaction, and willingness to use a removable vaginal insert in order to achieve bowel control. Finally, this study evaluated several data collection tools to assess VBC system satisfaction and ABL symptom relief, establishing the adoption of patient bowel diaries for subsequent clinical trials [18, 22] .
The benefits of staged and incremental device design that includes clinicians, patients and manufacturers have been previously described in several recent studies. Medina et al. (2013) provided a comprehensive description of a medical device development process model, highlighting the multi-staged approach to design evaluation, resolution of user concerns, and adaptive actions in device design and delivery [21] . Blanford et al. (2014) noted that challenges in device usability are minimized before market introduction to patients when incorporating the concept of "work as done" rather than "work as imagined" models of medical device design (fitness for purpose) [19] . In a case study reported by Furniss et al. (2015) on the usability of a glucometer, the authors noted that feedback and insight that impacted incremental and non-incremental design decisions came from multiple sources, including traditional verbal reports by users, as well as observations of users [20] .
This study similarly illustrated the value of an interdisciplinary approach to medical device development. It also demonstrated that safety and therapeutic efficacy could be systematically evaluated and optimized by incorporating patient and clinician insight on practical usability. Device data collected, which assisted and confirmed changes to device design throughout the study, were derived primarily from collaborative discussions between design engineers and clinicians, and with considerable weight on participant feedback regarding stability and comfort. All these changes were conducted with concurrent safety surveillance and were performed with the intent to validate overall fit of the insert, durability of the balloon and functionality of the pump.
Arain et al. defines feasibility studies as "pieces of research done before a main study" can be designed and conducted [23] . Feasibility studies in themselves do not necessarily have a primary outcome or require statistical analysis. Some important methodological components of a feasibility study include the following: estimation on subject eligibility (appropriateness of inclusion and exclusion criteria); time scale of outcome measures (duration of intervention exposure required for a measurable outcome); details on follow-up (response rates and adherence); acceptability of the intervention (willingness of clinicians to recruit participants and of participants to be randomized); and preliminary hypothesis testing (proof of concept and clinically significant safety and efficacy end-points). These components ultimately provide a basis for designing the main study from which more robust data will determine the statistically significant outcome(s).
In the case of this novel bowel control system, this feasibility study laid the groundwork for the following pivotal study conducted by Richter et al [18] . In this multi center, prospectively designed study of 61 women who wore the insert for a minimum of one month, the primary endpoint was derived from twoweek bowel diaries. Patient feedback and questions regarding the bowel diary used for the feasibility study allowed for clarification of instructions in the instrument used in the pivotal study. Additionally, the usage of device satisfaction questionnaires in this feasibility study demonstrated the value of capturing device-specific satisfaction metrics and feedback from patients, in addition to validated scores and instruments. This feasibility study was enrolled prior to the initiation of the pivotal study, and none of the patients who participated in this study were enrolled in the subsequent pivotal study. Although this feasibility study is limited by the small number of women participating in the Extended-Wear Cohort, these early safety, effectiveness and satisfaction results were a close predictor of the results later found by Richter et al, in their patient population at one and three months.
In conclusion, this feasibility study described the step-wise, staged approach of a series of clinical evaluations that reported on device design and safety, patient usage at home, user comfort and satisfaction, and therapeutic efficacy. Most importantly, this study highlighted the positive effectiveness signal and sensitivity of a 1 month end-point of a novel bowel control system for the treatment of fecal incontinence in adult women. These results supported the need for and design of subsequent clinical trials [18] .
In addition to the already complete LIFE study by Richter et al, future directions include continued clinical investigations of a larger cohort of women with fecal incontinence with a longer duration of wear to evaluate its long-term safety and effectiveness. A multi-center, prospective, open-label, 1-year outcome clinical study is currently underway (clinicaltrials.gov ID NCT02428595 LIBERATE Trial) [24] .
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